Background {#Sec1}
==========

The assignment problem (AP) has been extensively used in manufacturing and developing service systems, to optimally resolve the problem of assigning N duties to N employees to optimize the total resources. Furthermore, in AP, N employees must be assigned N number of duties, where in each employee must complete their individual assigned duty. However, because of personal ability or other reasons, each employee may spend a different amount of resources to complete various duties. The objective is to assign each duty to the appropriate employee to optimize the total utilization of resources and to complete all duties. Two types of objectives are generally measured in AP: maximization and minimization. Minimization refers to minimizing aspects such as duty cost and total duration, whereas maximization refers to maximizing aspects such as the overall manufacturing profit and overall sale of manufacture.

Responsible parameters that are considered for determining the assignment plan in a real-world scenario should not be precise but should be exaggerated by indistinctness and imprecision represented by linguistic terms which expressed by the DM. In such a scenario, the AP is converted into a fuzzy assignment problem (FAP). The concept of fuzzy set theory was introduced by Zadeh ([@CR37]), which providesa highly effective method for handling imprecise data. In the decision-making real world problems, AP is more advantageous by fuzzy theory, subjective preference of DM. The fuzzy models of AP have been described in detail in several papers (Biswas and Pramanik [@CR1]; Lin and Wen [@CR18]; Lin et al. [@CR19]; Li et al. [@CR17]; Tanaka et al. [@CR31]; Kagade and Bajaj [@CR12], [@CR13]; Kumar and Gupta [@CR14]; Liu and Gao [@CR20]; Gupta and Mehlawat [@CR7]; Mukherjee and Basu [@CR23]; Feng and Yang [@CR5]).

For handling objective functions and\\or constraints with fuzzy coefficients and fuzzy information of real-world decision-making problems, possibilistic decision-making models play a vital role. Possibility distribution converts the fuzzy objectives and\\or constraints into crisp objectives and\\or constraints with respect to three scenarios, optimistic, mostlikely, and pessimistic. In addition, possibility distribution is used to maintain the uncertainty of the problem until the solution is obtained (Gupta and Mehlawat [@CR8]). Several studies in literature have employed possibility distribution to solve fuzzy objective function and\\or constraint-based optimization problems (Tanaka et al. [@CR31]; Luhandjula [@CR21]; Rommelfanger et al. [@CR27]; Rommelfanger [@CR26]; Lai and Hwang [@CR15]).

There are several studies on FMOAP available in literature. To the best of our knowledge, Yang and Liu ([@CR36]) obtained a solution for a fuzzy multi-objective assignment problem (FMOAP) through the dependent-chance goal programming model by using the tabu search algorithm based on fuzzy simulation. Gupta and Mehlawat ([@CR8]) proposed a possibilistic programming approach for FMOAPs to obtain the most favorable, most likely, and least favorable scenarios by using the linear membership function. Li et al. ([@CR17]) proposed two solution models for FAP by combining agenetic algorithm (GA) and the APs to express an actual execution strategy. Tapkan et al. ([@CR32]) provided a direct approach to solving FMOAPs by using fuzzy ranking methods to rank the objective function values and to determine the feasibility of the constraints within the bees algorithm (metaheuristic search algorithm). Tailor and Dhodiya ([@CR29]) developed a hybrid approach to solving FMOAPs by using a GA and exponential membership function. The Yager's ranking method was proposed in Biswas and Pramanik ([@CR1]) to solve FMOAPs by transforming the MOAP into an equivalent single objective AP problem. Pramanik and Biswas ([@CR25]) developed a priority-based fuzzy goal programming method for generalized trapezoidal FMOAPs. Thorani and Shankar ([@CR33]) developed a linear programming model for FMOAPs by employing various linear and nonlinear functions with L--R fuzzy numbers by using Yager's ranking method. Esmaieli et al. ([@CR4]) solved the fuzzy multi-job and multi-company employee AP with penalty by using a GA.

The aforementioned approaches present the solution for FMOAP by using various techniques, such as the possibilistic approach by using a linear membership function, Yager's ranking method, priority-based fuzzy goal programming method, and bees algorithm, etc. However, in real-world problems, the decision parameters are affected by various imprecise and vague factors that cannot be precisely calculated. Moreover, the DM's review of the estimates may be based on partial knowledge about the task itself, which may affect the decision of task allocations to a particular employee. Under such circumstances, the task allocation decision becomes a one ofchoice from a fuzzy set of subjective interpretations. Therefore, in this paper, we propose a GA-based hybrid approach to solving FMOAP by using a fuzzy exponential membership function in which the FMOAP is converted into a single objective nonlinear optimization problem with some realistic constraints, and it is considered as a "NP-hard" problem. GA is an appropriate technique to solve such "NP-hard" problems (Gupta and Mehlawat [@CR7]; Papadimitriou and Steiglitz [@CR24]). It is a well-known random search and global optimization method, considering the aspects of evolution and natural selection, and an appropriate method for solving large-scale nonlinear, discrete, and non-convex optimization problems because it searches for optimal solutions by simulating the natural evolution process (Eiben and Smith [@CR3]; Holland [@CR10]; Mendes et al. [@CR22]; Gupta and Mehlawat [@CR7]). GAs are highly efficient in the resolution of various NP-hard problems, including resource allocation.

Fuzzy multi-objective assignment problem formulation {#Sec2}
====================================================

The main characteristics and assumptions of the FMOAP are as follows: (1) Each duty is completed by only one employee, and if an employee accepts more than one duty, all the duties must be completed. (2) It is not compulsory to assigned any duty to some employees. (3) The number of employees who have been assigned duties must be specified to balance the amount of work between the employees. (4) In the decision-making method, each employee's working ability is considered. We assume that each employee is assigned the number of duties in a certain range.

Fuzzy multi-objective assignment model {#Sec3}
--------------------------------------

To formulate the mathematical model of FMOAP, the indices, parameters and variables are used as per Gupta and Mehlawat ([@CR7], [@CR8]). (1) *Indices* j and i respectively defined index of duties and employee; (2) *Parameters* employees = duties = n; number employees assigned duties = s; maximum duties assigned to each employee = $\documentclass[12pt]{minimal}
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Formulation of objective functions {#Sec4}
----------------------------------

After completion of all duties, the total cost, total consumed time and the total achieved a quality level are given as follows (Gupta and Mehlawat [@CR8]):$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \widetilde{{z_1}} = \sum \limits _{i = 1}^n {\sum \limits _{j = 1}^n {\widetilde{{c_{ij}}}{x_{ij}}}},\quad \widetilde{{z_2}} = \sum \limits _{i = 1}^n {\sum \limits _{j = 1}^n {\widetilde{{t_{ij}}}{x_{ij}}}},\quad \widetilde{{z_3}} = \sum \limits _{i = 1}^n {\sum \limits _{j = 1}^n {\widetilde{{q_{ij}}}{x_{ij}}}} \end{aligned}$$\end{document}$$In this problem, the quality of the linguistic variables are rated as "good," "medium good," "fair," "medium poor," and "poor," which are represented as (0, 1, 3), (1, 3, 5), (3, 5, 7), (5, 7, 9), and (7, 9, 10), respectively. The five levels represent the quality of the completed duties, where "good" and "poor" levels denote the most efficient and least efficient, respectively, that is, a shift from "good" to "poor" indicates that the quality decreases whereas the related fuzzy values increase. To maintain uniformity of objective functions, quality objective functions must be minimized (Gupta and Mehlawat [@CR8]).

Model constraints {#Sec5}
-----------------

As per the mentioned description of FMOAP, the constraints are formulated as follows:$$\documentclass[12pt]{minimal}
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Decision problem {#Sec6}
----------------

The fuzzy multi-objective assignment problem is now formulated as follows:$$\documentclass[12pt]{minimal}
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Some preliminaries {#Sec7}
==================

Possibilistic programming approach {#Sec8}
----------------------------------

The collection data on real-world problems generally involve some type of uncertainty. In fact, many pieces of information cannot be quantified because of their nature and hence are represented using fuzzy numbers. These types of fuzzy numbers are modeled using possibility distribution (Hsu and Wang [@CR11]; Buckley [@CR2]; Gupta and Mehlawat [@CR8]; Wang and Liang [@CR34]; Lai and Hwang [@CR15]). Possibilistic distribution has been used in many crucial applications to solve fuzzy optimization models with imprecise coefficients in the objective function. Thus, we converted the FMOAP model into an auxiliary crisp multi-objective optimization model by using the possibilistic approach (Gupta and Mehlawat [@CR8]).

Triangular possibilistic distribution (TPD) {#Sec9}
-------------------------------------------

Because of the imprecise nature of the uncertain parameters, the triangular possibilistic distribution (TPD) is commonly used due to its simplicity and computational effectiveness in obtaining data.
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*α*-Level sets {#Sec10}
--------------

An *α*-level set is the most essential theory to establish an association between traditional and fuzzy set theories, which was introduced by Zadeh ([@CR37]). The *α*-level reflects the confidence of the DM regarding his fuzzy judgment; it can also be termed as the confidence level. The smallest *α*-value yields an interval judgment with a large spared, which indicates a high level of pessimism and uncertainty. The largest *α*-value yields a smaller but more optimistic judgment in which the upper and lower bounds have a greater degree of membership in the initial fuzzy sets. Several researchers (Tanaka et al. [@CR31]; Luhandjula [@CR21]; Rommelfanger et al. [@CR27]; Rommelfanger [@CR26]; Tailor and Dhodiya [@CR29]; Lai and Hwang [@CR15]) have used this *α*-level set concept to find the solutions for fuzzy optimization-related problems; therefore, we also used this concept in the present study to determine the confidence of the DM with respect to his fuzzy judgment.

Formulation of multi-objective 0--1 programming model {#Sec11}
=====================================================

To convert the model-1 into auxiliary CMOP problem, we used TPD strategy to treat the imprecise objectives. The cost objective function is described as$$\documentclass[12pt]{minimal}
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Auxiliary multi-objective 0--1 programming model {#Sec12}
------------------------------------------------

To determine the optimistic, most-likely, and pessimistic scenarios by using the *α*-level set concept, the FMOAP is converted into a crisp MOAP also called as an auxiliary multi-objective 0--1 programming model (Gupta and Mehlawat [@CR8]; Tailor and Dhodiya [@CR29]), which is defined as follows:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&{\mathbf{(Model}}{\text{-}}{\textbf{2)}} \\&\left( {\min \,{z_{11}},\,\min \,{z_{12}},\,\min \,{z_{13}},\,\min \,{z_{21}},\,\min \,{z_{22}},\,\min \,{z_{23}},\,\min \,{z_{31}},\,\min \,{z_{32}},\,\min \,{z_{33}}} \right) \\&\quad =\left( \begin{array}{l} \sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{c_{ij}}} \right) _\alpha ^o{x_{ij}}}},\,\sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{c_{ij}}} \right) _\alpha ^m{x_{ij}}}},\,\sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{c_{ij}}} \right) _\alpha ^p{x_{ij}}}},\\ \sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{t_{ij}}} \right) _\alpha ^o{x_{ij}}}},\,\sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{t_{ij}}} \right) _\alpha ^m{x_{ij}}}},\,\sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{t_{ij}}} \right) _\alpha ^p{x_{ij}}}},\,\\ \sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{q_{ij}}} \right) _\alpha ^o{x_{ij}}}},\sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{q_{ij}}} \right) _\alpha ^m{x_{ij}}},\,\sum \nolimits _{i = 1}^n {\sum \nolimits _{j = 1}^n {\left( {{q_{ij}}} \right) _\alpha ^p{x_{ij}}}} } \, \end{array} \right) \end{aligned}$$\end{document}$$Under the constraints ([1](#Equ1){ref-type=""})--([5](#Equ5){ref-type=""}).

Solution method for auxiliary model {#Sec13}
===================================

To characterize the indistinct aspiration level of the DM, fuzzy membership functions such as linear, piecewise linear, exponential, and tangent are used. Out of these, the linear membership function is most commonly used because it is defined by two fixed points, the upper bound and lower bound of the objective, and also considered only a violent calculation of real-world circumstances. In addition, membership functions are used for describing the behavior of uncertain values, fuzzy data use, and preference etc. In such situation, the nonlinear membership function provides a more efficient representation than others to reflect the reality as the marginal rate of increasing membership values as a function of model parameter, which is not constant (Gupta and Mehlawat [@CR7]).

GA is one of the most adaptive optimization search methodologies, which is based on natural genetics, natural selection, and survival of the fittest in a biological system. It mimics the evaluating principle and chromosome processing of natural genetics (Eiben and Smith [@CR3]; Esmaieli et al. [@CR4]; Gen et al. [@CR6]; Holland [@CR10]; Li et al. [@CR16]; Mendes et al. [@CR22]; Gupta and Mehlawat [@CR7]; Sivanandam and Deepa [@CR28]; Tailor and Dhodiya [@CR29], [@CR30]). To determine the solution of a single optimization FMAOP through GA, the chromosomes are first encoded according to the problem and a fitness function is defined for measuring the chromosomes. Subsequently, three operators, selection, crossover, and mutation, are applied to generate the new population. The selection process involves the formation of a parent population for creating the next generation. The crossover process involves the selection of two parent chromosomes to produce a new offspring chromosome. Mutation refers to randomly altering the selected positions in a selected chromosome (Gupta and Mehlawat [@CR7]; Tailor and Dhodiya [@CR30]). Thus, the new population is generated by replacing some chromosomes in the parent population with those of the children population to determine effective solutions for FMOAPs (Tailor and Dhodiya [@CR30]).

This section presents a GA-based hybrid approach to determining the most efficient solution for an FMOAP by using the exponential membership function to characterize the indistinct aspiration levels of the DM. In addition, this approach provides greater flexibility to solve multi-objective optimization problems by considering the various choices of aspiration level for each objective function. This approach optimizes each objective by maximizing the degree of satisfaction with respect to cost, time, and quality to provide more effective assignment plans.

Steps for find the solution of FMOAP using genetic algorithm based approach {#Sec14}
---------------------------------------------------------------------------

The step-wise description of the proposed genetic algorithm based approach to finding the assignment plans of the FMOAP is as follows: **Step-1**Formulate the model-1 of FMOAP, using appropriate triangular possibilities distribution.**Step-2**According to confidence level *α*, define the crisp objective function model (model-2).**Step-3**Findout the positive ideal solution (PIS) and negative ideal solution (NIS) (Gupta and Mehlawat [@CR8]) for each objective function of the model-2.**Step-4**Find fuzzy exponential membership value for $\documentclass[12pt]{minimal}
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If the obtained solution is accepted by the DM, then it is considered as the ideal compromise solution and the iteration is stopped, else the value ofis changed and steps 2--5 are repeated untila satisfactory solution is achieved.

Algorithm {#Sec15}
---------

Algorithm of solution procedure for FMOAP is given as follows:

Flowchart {#Sec16}
---------

Figure [2](#Fig2){ref-type="fig"} shows the flowchart of the solution procedure of FMAOP.Fig. 2flowchart of the solution procedure of FMAOP

Convergence criteria {#Sec17}
--------------------

A GA usually converges when no significant improvement is observed in the fitness values of the population from one generation to the next. GA converging at a global optima for an NP-hard problem is impossible, unless the optimum solution for a test data set is already known. In GA, the convergence criteria also depends on the problem size. In this study, we considered a problem with size $\documentclass[12pt]{minimal}
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Numerical illustration {#Sec18}
======================

To justify proposed method, numerical illustration of FMOAP has been referred from the article of the Gupta and Mehlawat ([@CR8]) which shown in Table [1](#Tab1){ref-type="table"}. To evaluate fuzzy cost-time-quality objective assignment problem, the model is coded. It is solved by Matlab and all tests are carried out on an Intel (R)-core i5 CPU@ 2.60 GHz computer with 4 GB of RAM. The primary attributes for solving the problems summarized as follows: Number of workers = Number of jobs = 6, $\documentclass[12pt]{minimal}
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According to triangular possibility distribution, the assignment plans for FMOAP are reported in below tables with different values of the shape parameters and aspiration levels which specified by the DM. We use here different values of for $\documentclass[12pt]{minimal}
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We have stated the results by taking different estimation of the aspiration levels for each combination of the shape parameters shown in Table [3](#Tab3){ref-type="table"}.Table 3Different values of shape parameters and aspiration levelCaseShape parameter $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\left( K_{1}, K_{2}, K_{3} \right)$$\end{document}$Aspiration level $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\left( \bar{\mu }_{Z_{1j}} (x),\bar{\mu }_{Z_{2j}} (x), \bar{\mu }_{Z_{3j}} (x)\right)$$\end{document}$Case-1(−5, −1, −2)0.7, 0.8, 0.9Case-2(−5, −1, −2)0.8, 0.85, 0.7Case-3(−5, −1, −2)0.9, 0.7, 0.8Case-4(−1, −2, −5)0.7, 0.8, 0.85Case-5(−1, −2, −5)0.8, 0.7, 0.75Case-6(−2, −5, −1)0.8, 0.85, 0.7Case-7(−2, −5, −1)0.9, 0.75, 0.8

Table [4](#Tab4){ref-type="table"} shows the assignment plans for each objective at different values of confidence level $\documentclass[12pt]{minimal}
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Figures [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"} and [5](#Fig5){ref-type="fig"} show that the efficient solution of SOP and FMOAP in case of using mutation operator and without using the mutation operator with ($\documentclass[12pt]{minimal}
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Figures [6](#Fig6){ref-type="fig"}, [7](#Fig7){ref-type="fig"}, [8](#Fig8){ref-type="fig"} and [9](#Fig9){ref-type="fig"} show the variation of the goals (cost, time and quality objective) corresponding to different preference of shape parameters for $\documentclass[12pt]{minimal}
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Figures [10](#Fig10){ref-type="fig"}, [11](#Fig11){ref-type="fig"} and [12](#Fig12){ref-type="fig"} show the assignment plan for each objective at different confidence level $\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha =0.1, 0.5$$\end{document}$ and 0.9 for different shape parameter and different aspiration level. From these figures, we conclude that with the increase in *α*, the influence of uncertainty decreases in the DM fuzzy judgment. Moreover, the advantage of using the exponential membership function with various shape parameters for the FMOAP is presented. If the DM is not satisfied with an assignment plan, more plans can be generated by changing the values of the confidence level and shape parameters in the exponential membership functions, which allow us to investigate various fuzzy values of the DM.Fig. 10Possibilities distribution for cost, time and quality objectives with ($\documentclass[12pt]{minimal}
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To defuzzify the fuzzy number, Lai and Hwang ([@CR15]) provided the concept of most likely values to verify the efficiency of outputs. They determined crisp values for each objective corresponding to the triangular number. If cost $\documentclass[12pt]{minimal}
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Furthermore, if the DM is not satisfied with the obtained compromise solution, then the desired objective function can be improved as per the preference of the DM. For example, in an AP with fuzzy cost, time, and quality objectives, if the DM prioritizes the cost objective in determining the period of allocation plan, the solution that satisfies the cost objective function most favorably than others is selected by the DM. However, this can result in poor degrees of satisfaction level because the performance of one objective may be compensated by the efficient performance of others. Hence, the DM can select different solutions in different situations, according to his/her requirements. Therefore, to generate a new membership function, the upper bound of the selected objective function is modified using the DM's preference. The model is resolved using new parameters and the iterations are continued until the DM terminates the process (Gupta and Mehlawat [@CR7], [@CR8]; Tailor and Dhodiya [@CR29]).

Tables [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"} are reported the preferred compromise solution which obtained by changing the upper bounds of various objectives with different values of confidence level, different values of shape parameters and different estimation of aspiration levels for different confidence level *α*.Table 5Compromised solutions with respect to improvement desired in various objective at confidence level $\documentclass[12pt]{minimal}
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Tables [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"} report the preferred compromise solutions obtained by modifying the upper bounds of various objectives with differing values of confidence level and shape parameters, and differing estimates of aspiration levels for various confidence levels *α*. As shown in the above table, the GA-based hybrid approach helps to improve the TPD by modifying the upper bound of each objective function for particular values of *α* (Gupta and Mehlawat [@CR8]). If the DM is not satisfied with the obtained assignment plans, more assignment plans can be generated by integrating the preference of the DM for various objectives and also altering the various shape parameters.

The GA-based hybrid approach provides flexibility and facilitates the collection of large amounts of information in terms of altering the *α* level and shape parameters in the exponential membership function and providing various scenario analyses to the DM for fuzzy allocation strategy.

Sensitivity analysis with respect to the number of workers and jobs {#Sec20}
===================================================================

Post optimality analysis with respect to the number of workers and jobs is discussed in this section to measure, how the proposed solution method handle FMOAP effectively when new workers and jobs are involve. In this paper, sensitivity analysis is considered by adding the new data of jobs and keeping the workers fixed as given in the article of Gupta and Mehlawat ([@CR8]). For $\documentclass[12pt]{minimal}
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The computational results are shown in the Table [9](#Tab9){ref-type="table"} for same six worker and extra nine jobs (6-workers and 9-jobs, 6-workers and 11-jobs, 6-workers and 13-jobs), respectively by taking different estimation of the aspiration levels for each combination of the shape parameters.

We have stated the results by taking different estimation of the aspiration levels for each combination of the shape parameters shown in Table [8](#Tab8){ref-type="table"}.Table 8Different values of shape parameters and aspiration levelCaseShape parameter $\documentclass[12pt]{minimal}
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The computational results and its corresponding assignment plans of sensitivity analysis (15-jobs and 6-workers) are presented in the Table [9](#Tab9){ref-type="table"} at $\documentclass[12pt]{minimal}
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The computational results and the corresponding assignment plans obtained through sensitivity analysis (15 jobs and 9 employees) are presented in Table [11](#Tab11){ref-type="table"} at $\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha =0.1$$\end{document}$ for various shape parameters and estimated aspiration levels. Moreover, as previously discussed, if the DM is not satisfied with the obtained compromise solution, more solutions can be obtained by improving an individual objective function as per the DM's preference.

Thus, the sensitivity analysis reveals that the developed solution approach can handle the FMOAP successfully and proficiently when an additional employee and \\or job is considered. In addition, if the DM is not satisfied with the obtained assignment plans, more assignment plans can be generated by changing the values of the shape parameters in the exponential membership function (Gupta and Mehlawat [@CR7], [@CR8]; Tailor and Dhodiya [@CR29]).

Comparison {#Sec21}
==========

Table [12](#Tab12){ref-type="table"} shows comparison between obtained solutions by GA based hybrid approach using exponential membership function with different approaches at $\documentclass[12pt]{minimal}
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Conclusion {#Sec22}
==========

The GA-based hybrid approach provided the solution for the FMOAP by using the fuzzy exponential membership function with some realistic constraints to optimize the optimistic, most likely, and pessimistic scenarios of fuzzy objective functions with TPD. Moreover, the developed hybrid approach provided flexibility for the DM in terms of the various choices in aspiration levels, shape parameters, upper bound improvement and also provided more effective assignment plans.
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